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RESEARCH MEMORANDUM 

TESTS OF THE LANDING ON WATER OF A MODEL OF A HIGH-SPEED 

AIRPLANE - LANGLEY TANK MCDEL 229 
: 



. 

An investigation -13 made at Langley tank no, 2 nm~orail of t h e  

-ding on -0th mter of 8 &aize Qnamic model of a hypothetical 

je t -  and rocket-prapelled airplane deaigned t o  fly at  transonic 
Bpeeda. The model skipped out of the water and experienced maximum 
nom accelmatione up to 7.4g and mxtmum longitudinal accelerations 
up to 4.58. A slight mdificaticm which broke the tran8verae 
curvature of the rear of the fuaelage bottaan reducal the sucticm 
forces there, eUMnated the resultant skipping, and reduced t h e  

normal accelmatfons. 

The test l a  part of an investigation of the feasibi l i ty  of the 
operatiou from water of high-apeed airplanes, and ~e results of this 
test form a baais for evaluating the hrprovemsnts in hydrodynamic 
characteristics obtained by mim types of modtficaticme t o   t h e  
basic model. 

Contemporary airplanes designed t o  fly at tranaanic and supersonic 
meeds usually have very high landing speeds, cawed by t h e  use of 
high wing loadin-, sweeuback of the wing, t h in   a i r fo i l  sections, and 
flam that are not of the extramely h i&- l i f t  types. The Landing 
gems of such a5rplanes not anly'add t o  the weight but must be canpletely 
retracted 3n fligbt, thereby occupying valzlable apace in an already 
crowded dqhIl80 H i g h  landing speeds lead to the neceesity for long, 
m o t h  runways an8 make more difficult the desiep of landing gears, 
wheels, and brake60 Similar disadvantages obtain during take-off. 
Prellmlnary consideration ind ie ted  that the n s j a r i t y  of the die- 
advantages might be  reduced ar eliminated by the operation of hi&- 
speed a i r p l a n e s  from water instead of fra land, and that the modi- 
fications necessary t o  assme satisfactory hydrodynamic performme 
could be of such a form as not to affect the aeroaynemic p e r f o m c e  
appreciably 
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To inveeigate the  feaeibillty of the water-baaed operation of 
hia-epeed ailplanes, a series of t e s t s  of a dynamically similar model 
of a hypothetical Jet- and rocbt-propelled  transonic airplane is 
being made t o  observe the We-off and lanbing characteristics of 
the nodel and the effects of various tspes of modifications on these 
characteristics. A l l  Imodiffcatians under consideration a r e  designed 
t o  be retractable or t o  have a minimum of air drag. The first part  
of the  inve6tigatim is  concerned with landing chaJX3cteristicsy 
wbich are considered t o  be of primary importance because, for mzny 
applications, t h e  tab-of" might be laade with the aid of a cetapult 
QT other m3m.t3. The present paper c-iders only the Lending in 

characteristics of the basic model form 8 reference for evaluating 
the improvemats  obtained by the vwioue types of modificatlans. 

-th Water of t he  basic model and me m o d i f i ~ a t i a o  The landing 

The model, designated Lengley tank model 229, was based on an 
existing aimlane t h a t  is designed t o  fly st traneonic speedsc The 
general arrangement of the model is shown in  f igme 1 and a photograph 
of it is shown es fl gure 2. 

The suggested interior arrangement of the full-eize  airplane is 
shown i n  figure 3. As ctm be seen, t h e  turbojet engine, together 
wlth its tail pipe and air-intake ducta, I s  mounted above the  center 
Une of the fuselage t o  prevent the  en- of water. The rocket motor 
is placed below the turbodet tail pip8 at the rear of t h e  fuselage, 
because it wa8 comidered that the entry of water into it would not 
affect  its operatian. 

Pertinent dimer;aions of the  hypothetical  airplane and the =-size 1 

model are even in the following  table : 



Model 
2.08 

I a15 

Rote: Moments of inertia axe about the center of mavity and for the 
landing weight. 

The rmdel was constructed of balsa mod with points of hi&-stress 
concentrations  reinforced with Dlymod and hardwood. The tail surfaces 
were covered with strong  tissue pager. 

To m o v e  the land-lng chaJracterietics of the basic model, the 
lower rear portion of the  fueelage wae modified slightly t o  f la t ten  
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and break the circular cram sections. %e resulting form  of the 
bottom ya8 that of' a 8msl . l  planing surface with 20° angle of dead 
rise emerglng *om the origina.1 fuselage. The keel  line of thi8 
Blodifica.ti061 wa~ tangent t o  the lower profile line of the fuselage 
about halfway between the W l  and the trai-g edge of the wing. 
Figure 4 &owe a caelparieon between the original and the modified 
fuaelage . 

The teEW ware nrade a t  the Langley task no. 2 monorail, an apparatus 
*ich povides a 3118&238 far launching a mode l  into the  air at  a preset 
attitude and distance above the water. The launching speed was 
determined by measuring the time required  for the launching carriage 
t o  traverse a known Custance during mccelerated motion just   prior 
t o  the release, and could be determined t o  W.1 foot  per second. 

Aeroayaamic tes te  of the model mre made t o  determine, for  
varioue attitudes and flap  deflectione, the landing speed and the 
elevator  deflection  required t o  maintain attitude. The result8 of 
these  teste, show in  figure 5 ,  &owed that a e t a l l  lanaing would be 
made a t  an att i tude of about 120. An attitude of 80 waa selected a8 
tpical of a fas ter  landing. 

The behavior of the model during Landing and the length of the 
landing rull were observed vieually and recorded by a motion-picture 
camera a t  the  aide of the tank. Time-histmy records of acceleratione 
paraUe1 and perpendiculsr t o   t he  fuaelage  reference line were obtalned 
by a small, epring-driven, recording accelmcxueter with an accuracy 
of *go The procedure used t o  obtain t h e  acceleratfana in one 
direction  during a run, and then t o  turn tke accelercaneter through 9 0  
and repeat  the rtm t o  get the acceleratiops in the other direction. 
The accelerations  presented  herein are those measured at a point 
% inches forward of the center of gravity and on the fuselage 
reference line. Pcsitive semee of normal and langitudlnal  acceleration8 
are upward and rearward, respect1vel.y. 

1 
4 

1 

All lan&hgs were made at the landing weimt of 5 -05 pounds, 
c o r r e s p o w   t o  -0 potma, frill 8 i Z 0 0  Moat of the landings were 
made with a flap deflection of 20°. Flap deflectIan of bo wa8 used 
for  several landin@, but in this condition the model tended t o  r o l l  
eind pitch in t h e  air at  high angles of attack. 



Landhg of Basic Model 

Sequence photographs of tm tmical landlnga of the  baaic model 
are  ahown as figures 6 and 7. A descriutian of a typical landing 
follows: A t  the  instant of landing, the rear of the fuselage 
hit   the  water and the model trfmmed down a l i t t le .   After  ruming 
in the water for a Bhort di-ce, the flow of water around the rear 
of the fuselage sucked it dow i n to  the water ao that t he  model 
trimned q rapidly and aldpped out of the ~s&er. A t  the second 
contact with the water the Plodel trimned dow, mm at that at t i tude 
for  some distance, trinnned rrp and then dawn w. 3y this tim 
the model had slowed d m  almost canpletely. A t  the end of the run, 
the  model turned, uaudly to the right. The turn wae sherp but not 
violent due t o  the law speed at which it occurred. 

about half of the Landings, the rear of t h e  fueelage touched 
the water l ight ly  and briefly, making the model trim down el i&tly 
in  the air. The remralnder of the Lsnding ~u l l  then took place a8 
previously  described. 

D u r l n g  the approach to 3- laadkq8 at hi& attitudes, the model 
rolled in t he  air so that one wlng t i p  hit the water before m y  other 
pay't of the " 0  When this happened, there was no indicatian of 
yaw or  pivoting murid the wing tip. The t i p  w&8 3n contact with 
the' water fo r  a very short tfme colly and the water fcrrces ap it 
rolled the m o d e l  back until the wbgs  were about level. The model 
then continued its landing in the usual 11191mer. Thts indicates that 
t h e  wine; t i p  provided adeqzaate p l m h g  M t  for lateral atabi l i ty  
without  undesirably high resistance. Thm no t i p  floats or special 
planing surfaces at the wing t ip6  need be tleed. 

T y p i c a l  time histories of normal and longitudinal accelerations 
experienced a m g  b a n g s  axe &own in figure 8, a a summary of 
accelerations and lengths of landing runs is given in table I. As 
can 3e seen, the maximum acceleratiorus  experienced were 7.46 in the 
nmma'l direction and 4.33 i n  the 10ngLtudinal directton. The values 
of accelerations given i n  table I for any me landing are the peak 
accelerations obtained at variom times during 'IAnAfna~ The first 
peak of normal acceleration is 8ssocZated with tke period of the 
landing run Just before and during the rapid trimming up preceding 
the sklp of the model out of the water. The second peak of normal 
acceleratian is experienced when the model win hits the water 
after the sklp. The tlme scale of the acceleroaneter  records  varied 
somewhat, so precise correlatian of the moticm pictures and the time 
histories of accelerations was not  possible. The normal acceleratians .. 
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maeaeured an t h e  basic model m e  about the same as thoee obtaink during 
landings of flylng boat6 on rough Iater, but are greater than those 
obtained dming lanUng8 of fly- boats on mmth water or of land- 
planes bmHng on runways0 The laq#tudinal  acceleratirms  obtained 
QZI the model are CaDlSiderably  greater than those obtained during 
landing8 of flying boat6 cm smooth water, but are about  the same 
as those obtalned during ditchin- of landplanes which are catmidered 
to have satisfactory  ditching  characteristicso The first peak of 
longitudinal  acceleration  is  great= than the wual nwrlrmna 
acceleration  erperienced by carrier  alrcraft in asregted lanCngs. 
The average Laa@;itudinsl acceleration is about the 883118 ae that of 
usual axreeted landings of carrier  abcraft. 

As the attitude  increased, the height and violence of 
t he  sldp decreaaed~ Slap deflectim had no apparent effects on the 
accelemtians experienced dtrring lgdinga, but to the flaps 
was nume likely to occur  at the 40 f lap deflection. 

Iandhgs of Modified Model 

Sequence photographs of a  tspical lendbg of the model with the 
modified fuselage are given 88 figure 9, and time  hietories of 
normal acceleration and longitudinal acceleratim axe given as figure 100 
A 81.nmary of the  acceleratione and lengthe of land- rune obeerved 
during the teste axe e v e n  In table SI. The maxlnnm accelerations 
experienced by the  modified milel were 5.5g normal, and 3.6g longitudinal. 
The mbdification reduced the suction  force at the rear of the fuselage 
and eliminated the reeultant sk2pping of the model. The modification 
reduced the normal accelerations,  but had leea effect on the longitudinal 
accelerations. 

The air drag added by the  mOaificatian to the  fuselage io 
probably  negligible CQ. very emall because  the sharp edges of the 
modification were deaigaed to be pardlel to the air flow. This 
air drag could be eliminated  by wing retractable breaker strips in 
place of the  modification tested. Such breaker strips have baen 
successfully  used on the tail extensions of other model6 to break the 
~ w m d  flow Crp watm and thus el3minate  euction forces on the tail 
extensions 0 

The fo l lmdng  cmclusions were drawn fram the result8 of landing 
t e s t s  in m o t h  water of a model of' a  hypothetical transmic airplane 
as original ls  designed and a8 modified by the additicar of a planing 
surface at the rear of the fuselage: 
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2. Flattening and breaking the circular traseverse sectians at 
. t h e  r e a r  of the fueelage bottom reduced the suction at the rear of the 
fuselage and eUm3nated resultant skipping. 

3 The madmum TLormal accelerafiione ewerienced during land- 
were 7.4g for  the or ig ina l  model and 5.6g for We modified model. 

. 
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Figure I .-General arrangement of model 229. 



. . . . . . . 
1 

Figure 2.- Photograph of model 229. - 
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Figure 3.- Proposed  inboard  profile of high-speed  airplane- 
runo).uL ADVIBORY - COMYITTEE FOR AEROWAUTICB 
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figure 4.- Model 229. Comparison between original and modified fuselages. 
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Figure 5 .-Aerodynamic characteristics of model 223. 
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Flgure 6.- Sequence photographs of landing of basic model at attitude of 12". Tlme interval 
between pictures 0.22 second, full-size. 
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Figure 7.- Sequence photographs of landing of basic model at attitude of 8'. Time interval 
between pictures, 0.22 second, full-size. 
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f i g u r e  8.- Typical t i m e  histories of normal and longitudinal 
accelerations experienced during landings of basic model. 

(All vatues a r e  ful l -  size.) 
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Figure 9.- Sequence photographs of landing of model with modified fuselage. Time interval 
between pictures, 0.22 second, full-size. 
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